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Figure 1. Commitment and Differentiation of Foxp3+ Treg Cells
Differentiation of Treg cells along distinct pathways might be associated with a differential degree of
commitment. Thymic development appears to be characterized by early commitment, even before
expression of Foxp3, and preferential adoption of a stable phenotype that is imprinted by CpG demethy-
lation in the TSDR (CNS2). Differentiation of Foxp3+ cells in the periphery includes a larger proportion of
‘‘promiscuous Foxp3+’’ cells that upregulate Foxp3without acquisition of a stable suppressive phenotype,
giving rise to both ‘‘exFoxp3’’ cells convertible into effector cells as well as to stable, peripherally induced
Treg cells.
Immunity
Previewswell as counteracting environmental
signals and cell-intrinsic developmental
predispositions.
Answering of these questions will not
only be of central importance for theunderstanding of the origin of the Treg
cell lineage, but also better define the
conditions to be met when induction or
expansion of Foxp3+ Treg cells for thera-
peutic application is intended.Immunity 36,REFERENCES
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In this issue of Immunity, den Braber et al. (2012) highlight differences in naive T cell lifespan between mice
and humans. Their data suggest that mechanisms of naive T cell maintenance may differ between mice and
men.How long do naive T cells live and how are
they replenished? A short life span for
naive T cells would necessitate faster
rates of replenishment, whereas in-
creased life span would accommodateslower rates of replenishment. Work in
this issue of Immunity by den Braber
et al. (2012) examines the longevity of
naive T cells. Their data suggest that
mechanisms maintaining T cells withnaive phenotypes might differ in humans
and mice (den Braber et al., 2012).
The life span of mice is 2 years,
whereas humans live much longer. Do
the naive T cells of mice and humansFebruary 24, 2012 ª2012 Elsevier Inc. 163
Figure 1. Diagram of TREC Content in Naive T Cell Populations
The average TREC content of naive T cells remains comparable in both young
and old mice. In humans, TREC content of T cells with naive phenotype
declines with age.
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Tough and Sprent measured
T cell turnover in mice by
using bromodeoxyuridine
(BrdU) treatment to label
dividing cells. These results
indicated that naive T cells
in mice persisted for several
weeks on average without
dividing (Tough and Sprent,
1994). Two different
approaches were taken to
measure human naive T cell
turnover. Michie et al. (1992)
examined T cells from pa-
tients receiving therapeutic
irradiation and assayed for
loss of cells with chromo-
somal damage as a measure
of time between mitosis in
T cells. Hellerstein and col-
leagues administered deu-
terated water (2H2O) to
human subjects. The incor-poration of the 2H- isotope into replicating
DNA was measured by mass spectrom-
etry so that the fraction of labeled cells
could be determined (Neese et al.,
2002). Both of these studies found human
T cells to have an astonishing (to mouse
immunologists) half-life on the order of
years instead of weeks.
den Braber et al. (2012) repeat and
extend these studies in both mice and
humans. They use deuterated water
labeling to determine turnover of naive
T cells. In this study, the half-life of CD4+
and CD8+ T cell populations in mice was
7 and 11 weeks, respectively. Earlier
results from the same group indicated
that human naive CD4+ T cells have an
average half-life of 6 years, whereas
CD8+ T cells have an average half-life of
9 years (Vrisekoop et al., 2008). Together,
these results confirm the much shorter
life span of naive T cells in mice compared
to humans.
The different life spans of naive T cells in
mice and humans might indicate distinct
mechanisms to maintain naive T cell
populations. The authors examined the
relative contributions of naive T cell gen-
eration by the thymus and T cell prolifera-
tion in the periphery. Similar to previous
studies, the authors quantified T cell
receptor excision circles (TRECs) to de-
termine thymic output (Douek et al.,
1998). TRECs are DNA byproducts of
somatic rearrangement of T cell receptor164 Immunity 36, February 24, 2012 ª2012 E(TCR) genes during T cell development
in the thymus. Because TRECs do not
replicate during cellular proliferation in
the periphery, the TREC content of T cell
populations correlates with thymic output
assuming TRECs are stable. den Braber
et al. (2012) measure the average TREC
content in naive T cells of both mice and
humans. They find that naive T cells of
mice have comparable TREC content
whether they are obtained from young
or old mice (Figure 1). In humans, in
contrast, the TREC content of T cells
with naive phenotype is high in neonates
but declines with age.
What might these findings mean? The
authors estimate the fraction of cells that
were originally thymically derived using
the average TREC content of the naive
T cell population. Mathematical modeling
of the data indicates that up to 90% of
human ‘‘naive’’ T cells are generated
through proliferation in the periphery in
aged individuals. From these data, the
authors suggest that the mechanisms
maintaining phenotypically naive T cells
might be fundamentally different in mice
and humans. Hence, thymic output main-
tains naive T cell populations in mice, and
thymic involution and loss of thymic
output result in reductions in frequencies
of naive T cells in the periphery. In con-
trast, human T cells may divide in the pe-
riphery without losing their naive pheno-
type on the basis of current markers.lsevier Inc.Such a possibility had been
previously suggested in other
human studies of naive T cells
(Dutilh and de Boer, 2003;
Kilpatrick et al., 2008). One
consequence of maintaining
T cell populations chiefly
through peripheral expansion
would be decreasing TCR
repertoire diversity with age.
The use of TRECs to define
undivided naive T cells pres-
ents some uncertainties. As
the authors discuss, the loss
of TRECs in human T cell pop-
ulations over time may not
indicate cell division; instead,
it might indicate a failure to
maintain extrachromosomal
DNA during the long life span
of human naive T cells.
However, the results of den
Braber et al. do highlight the
vast difference in scalebetween human and mouse T cell life
spans, indicating different mechanisms
might exist to maintain T cells in humans
and mice. This suggests that the mouse
maynot alwaysbeasuitable animalmodel
for a human. Several groups have worked
to establish humanized mouse models in
which human stem cells are used to re-
constitute hematopoietic compartments
of immunodeficient mice with human
immune cells. Mice with a human immune
system would allow study of human
diseases such as HIV as well as allow
study of environmental and cell-intrinsic
determinants of T cell life span. How-
ever, in humanized mice the naive T cell
turnover rate has been suggested to
be even higher than the rate seen with
normal mouse T cells; the reasons for
this are not well understood (Legrand
et al., 2006). Another implication of this
present study is that better markers are
needed to identify undivided naive T cells
in humans, given that many T cells pres-
ently considered naive may have divided
in the periphery. In mice, homeostatic
proliferation of naive T cells generates
cells functionally differing from naive
T cells (Haluszczak et al., 2009). It is
unknown whether human T cells prolifer-
ating in the periphery with a naive pheno-
type are equivalent to naive T cells ex-
ported from the thymus. Together, these
data emphasize the need for improved
animal models and other tools to better
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Previewsunderstand how human T cell populations
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